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DESCRIPTION 



KNIT DESIGN METHOD AND APPARATUS 



Technical Field 

The present invention relates to a knit design method 
and apparatus capable of simulating and displaying an image 
of a knitted fabric of a knitted article. 

Background Art 

When designing a knitted article, a technique has been 
conventionally used in which an image of a stitch loop 
constituting a knitted fabric is simulated and created using 
data for knitting a knitted fabric, and then the simulation 
image of the knitted product is displayed (see Japanese 
Unexamined Patent Publication JP-A 7-70890 (1995)), for 
example) . In this technique, image processing is performed 
in which image data of a knitting yarn is pre-stored as a yarn 
sample, the shape, the position, and the contrast in each portion 
of each stitch loop are determined based on the data for knitting 
a knitted fabric, and after dividing into a plurality of segments, 
the image data of the yarn sample is associated with the divided 
segments to be synthesized as a loop. For the image data that 
has been divided into segments, the shape of each loop and the 
overlap with the underlying loop are determined based on the 



data for knitting a knitted fabric. A spline approximation 
is performed on the image data of the knitting yarn that has 
been segmented in accordance with the shape of the loop, a mask 
is created for the overlap with the underlying loop to keep 
the exposed portion of the underlying loop, and the image of 
the knitted fabric is thus simulated. It is possible to express 
fuzz by making the periphery of the yarn sample rough, and it 
is also possible to express twine of yarns by adding oblique 
lines on the yarn sample. 

When simulating a knitted fabric using a fuzzy knitting 
yarn in conventional knit design methods, it is impossible to 
reflect fuzz sufficiently in a method without consideration 
to fuzz, and fuzz is emphasized so significantly that the fabric 
often looks unnatural in a method with consideration to fuzz. 
This is because even with consideration to fuzz as image data, 
it is impossible to express an aspect in which the fuzz is 
flattened by an adjacent knitting yarn during knitting. 

In a simulation of a stitch loop as in JP-A 7-70890, fuzz 
around a knitting yarn or twine of knitting yarns is expressed 
artificially and is difficult to bring close to the feeling 
of a knitted fabric knitted with actual knitting yarns. In 
particular, in the spline approximation on the segments, when 
the segments are simply connected to each other in a curved 
section, an edge appears in a section connecting between a 
segment and a segment, and thus a smooth connection is realized 
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when both ends of the segments are made soft and then overlapped 
each other. However, in such a connection, it is impossible 
to assure that fuzz crossing between the divided segments is 
expressed continuously as the original, and it is difficult 
to express a natural feeling of a knitted fabric in a simulation 
image even when image data of a fuzzy knitting yarn is actually 
used as a color sample. 

Disclosure of Invention 

It is an object of the invention to provide a knit design 
method and apparatus capable of displaying an image having the 
feeling close to that of a knitted fabric actually knitted with 
a fuzzy knitting yarn. 

The invention is directed to a knit design method for 
simulating and displaying an image of a knitted fabric knitted 
with a fuzzy knitting yarn based on data for knitting a knitted 
fabric, comprising: 

dividing image data of a knitting yarn extending in a 
form of a line into fuzz regions on both sides and a yarn main 
frame region therebetween with respect to a width direction 
of the knitting yarn, and dividing into a plurality of meshes 
with a predetermined length in a length direction so that sides 
in the length direction and sides in the width direction form 
rectangles, 

deforming each of the meshes in accordance with a shape 
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of a stitch loop constituting a knitted fabric, deforming the 
image data of the knitting yarn in accordance with a state of 
the def ormedmeshes, and reducing image data of the fuzz regions, 
and 

displaying the image data of the knitting yarn on an upper 
side or a lower side at a portion in which stitch loops overlap 
each other, in accordance with a predetermined rule , and thereby 
simulating an image of the knitted fabric. 

Furthermore, the invention is characterized in that the 
image data of the fuzz regions is reduced by contracting the 
meshes of the fuzz regions when deforming each of the meshes 
in accordance with the shape of the stitch loop. 

Furthermore, the invention is characterized in that the 
meshes of the fuzz regions are contracted by making a ratio 
in the deformation smaller. 

Furthermore, the invention is characterized in that the 
contraction ratio is made greater when density of fuzz on an 
adjacent knitting yarn is high, and is made smaller when the 
density is small. 

Furthermore, the invention is characterized in that at 
a portion in which the stitch loop is curved, the rectangular 
shapes of the meshes are deformed so that the sides in the length 
direction are curved lines. 

In addition, the invention is directed to a program for 
letting a computer execute the knit design method mentioned 
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above . 

In addition, the invention is directed to a knit design 
apparatus for designing a knitted fabric knitted with a fuzzy 
knitting yarn while displaying an image of the knitted fabric 
on image display means, comprising: 

knitting yarn image storage means for storing image data 
of a knitting yarn extending in a form of a line, 

mesh division means for dividing the image data of the 
knitting yarn read out from the knitting yarn image storage 
means into fuzz regions on both sides and a yarn main frame 
region therebetween with respect to a width direction of the 
knitting yarn, and dividing into a plurality of meshes with 
a predetermined length in a length direction so that sides in 
the length direction and sides in the width direction form 
rectangles , 

data input means for inputting data for knitting a knitted 
fabric whose image is to be simulated, 

knitting yarn image deformation means for deforming each 
of the meshes in accordance with a shape of a stitch loop 
constituting a knitted fabric based on the data for knitting 
a knitted fabric input into the data input means, for deforming 
the image data of the knitting yarn in accordance with a state 
of the deformed meshes, and for reducing the image data of the 
fuzz regions, and 

knitted fabric simulation means for simulating an image 
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of the knitted f abricby displaying the image data of the knitting 
yarn deformed in accordance with the stitch loop by the knitting 
yarn image deformation means, on an upper side or a lower side 
at a portion in which stitch loops overlap each other, in 
accordance with a predetermined rule. 

Brief Description of Drawings 

Other and further objects, features, and advantages of 
the invention will be more explicit from the following detailed 
description taken with reference to the drawings wherein: 

FIG. 1 is a view showing a basic manner of a simulation 
according to a knit design method according to an embodiment 
of the invention; 

FIG. 2 is a view showing a basic shape 10 of a stitch 
loop described in the embodiment in FIG. 1; 

FIG. 3 is a view showing a deformed shape 11 of a stitch 
loop described in the embodiment in FIG. 1; 

FIG. 4 is a view showing the manner in which the scale 
factor is calculated when deformed meshes 7 and 8 of fuzz regions 
are contracted as shown in FIG. 1 (b) , in the embodiment in FIG. 
1; 

FIG. 5 is a view showing the manner in which sides 
corresponding to sides that are in parallel with the length 
direction of an original knitting yarn image data 1 are deformed 
into curved lines of the deformed meshes 7, 8, and 9 as shown 
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in FIG. 1 (b) ; 

FIG . 6 is a view showing the manner in which an intersecting 
point is not formed by the line P 0 ' Pi' and the line P 3 ' P2' in 
FIG. 5; 

FIG. 7 is a view showing a method for realizing a more 
realistic expression as a method for calculating a vertical 
ratio k y/ which is in the width direction of the yarn; 

FIG. 8 is a flowchart showing the procedure for simulating 
an image of a knitted fabric in the embodiment in FIG. 1; 

FIG. 9 is a block diagram showing a schematic functional 
configuration of a knit design apparatus 30 for performing the 
knit design method in FIG. 1; 

FIG. 10 is a view showing an example of an image of a 
fuzzy yarn and an example of a stitch loop rendered using the 
image data of the yarn; 

FIG. 11 is a view showing an example of image data of 
a fuzzy knitting yarn; 

FIG. 12 is a view showing a result obtained when the 
knitting yarn image data in FIG. 11 undergoes a conventional 
process; 

FIG. 13 is a view showing a result obtained when the 
knitting yarn image data in FIG. 11 undergoes a process of 
contracting a fuzz region according to the embodiment in FIG. 
1; and 

FIG. 14 is a view showing a result obtained when the 
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knitting yarn image data in FIG. 11 undergoes processes of 
contracting a fuzz region and of deforming a mesh into a curve 
line according to the embodiment in FIG. 1. 

Best Mode for Carrying out the Invention 

Now referring to the drawings, preferred embodiments of 
the invention are described below. 

FIG. 1 shows a basic manner of a simulation according 
to a knit design method according to an embodiment of the 
invention. This embodiment is intended for a knitting yarn 
having a large amount of fuzz 2 as linear knitting yarn image 
data 1 as shown in FIG. 1(a) . At least a part of the knitting 
yarn image data 1 is divided by a predetermined length with 
respect to the length direction in which the knitting yarn image 
data 1 extends, and divided into meshes 3 and 4 of fuzz regions 
on both sides and a mesh 5 of a yarn main frame region therebetween 
with respect to the width direction. Each of the meshes 3, 
4, and 5 has a rectangular shape encompassed by sides that are 
in parallel with the length direction of the knitting yarn image 
data 1 and sides that are in parallel with the width direction 
of the knitting yarn. 

As shown in FIG. 1(b), each of the meshes 3, 4, and 5 
is deformed in accordance with a stitch loop 6 constituting 
a knitted fabric, and thus deformed meshes 7 and 8 of the fuzz 
regions and a deformed mesh 9 of the yarn main frame region 
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are formed. During this deformation, the deformed meshes 7 
and 8 of the fuzz regions are contracted at any scale factor 
with respect to the meshes 3 and 4 of the fuzz regions, based 
on the size of the fuzz and the relationship with adjacent 
knitting yarns . To each of the positions of the deformed meshes 
7, 8, and 9 of the fuzz regions and the yarn main frame region, 
partial image data at each of the corresponding positions within 
the rectangular meshes 3, 4, and 5 of the fuzz regions and the 
yarn main frame region in the knitting yarn image data 1 is 
applied . 

FIG. 2 shows a basic shape 10 of a stitch loop with the 
solid line, which is subjected to be simulated in this embodiment . 
The basic shape 10 is a shape traced by the center of the yarn 
main frame, is a basic shape of a stitch knitted by letting 
a knitting needle be displaced to a knit position in a flat 
knitting machine, and serves as a front stitch or a back stitch 
in so-called plain knitting. In this embodiment, other than 
the basic shape 10, a shape without a loop and a shape 
corresponding to that obtained by plain knitting with miss 
performed in its below are prepared, as data of a stitch loop. 
In the data of each stitch loop, the positions of nine control 
points shown by ® to (9) and a limitation 10a of the rendering 
width shown by the fine solid line are defined. The limitation 
10a of the rendering width is limited with respect to its width 
at control points in contact with an adjacent loop so that a 
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yarn is rendered to be thin by, for example, being hooked on 
another portion. The numerical values shown at the control 
points with respect to the limitation 10a are an example of 
ideal values, and are shown by the ratio when the knitting yarn 
is divided into the upper and the lower as shown by the broken 
line and 1 gauge is taken as 1.0. The limitation 10a between 
the control points is smoothly continuous as shown by the fine 
solid line. Since yarns sometimes seem to overlap each other 
in an actual state, the limitation width of the yarn main frame 
is determined to be a value that is slightly larger, for example, 
a doubled value. Furthermore, when the width of the yarn main 
frame is an ideal value, the distance to an adjacent knitting 
yarn is taken as a value of a fuzz rendering space. 

FIG. 3 shows a stitch loop of a deformed shape 11, which 
corresponds to that obtained by plain knitting with miss 
performed in its below. Also for the deformed shape 11, the 
positions of nine control points shown by CD to (D and a 
limitation 11a of the rendering width are defined in the same 
manner as in FIG. 2. When there is no loop, the shape is a 
line extending horizontally. 

FIG. 4 shows the manner in which the scale factor is 
calculated when the deformed meshes 7 and 8 of the fuzz regions 
are contracted as shown in FIG. 1 (b) . By performing rendering 
in such a manner that only the fuzz regions are contracted, 
an expression is possible in which the fuzz is flattened by, 
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for example, being in contact with an adjacent knitting yarn. 
The ratio by which the fuzz is flattened is calculated so as 
to be large in the case in which the density of fuzz on the 
adjacent knitting yarn is high, and to be small in the case 
in which the density is small. First, based on the knitting 
yarn image data 1 as shown in FIG . 1 (a) , a radius yr of a yarn 
main frame 20 and a thickness kr of a fuzz region 21 are calculated. 
The maximum radius of the fuzz is yr + kr. When the density 
of the fuzz on the adjacent knitting yarn is taken as kden, 
and it is determined that the contraction ratio of the fuzz 
region 21 is proportional to the square of the density kden, 
a radius yr' of a corrected fuzz region 22 shown by the broken 
line is expressed by Equation (1) below. 



The dashed dotted line corresponds to the limitations 
10a and 11a of the rendering width shown in FIGS. 2 and 3. When 
the radius thereof is taken as hr and the fuzz rendering space 
described above is taken as sp, a length L in the drawing can 
be expressed by Equation (2) below. 



Based on the relationship between the oblique sides and 
the longer sides of the right-angled triangles shown in the 
drawing, (hr x 2 - yr + sp) : L = L : L' is satisfied, and thus 
the scale factor by which the fuzz width is rendered is expressed 
by Equation (3) below. 



yr' = yr + kr x kden 2 



(1) 




(2) 
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L ^(hrxl-yr + sp) 1 -yr* 
L hrx2-yr + sp 

Regarding the lowest value of the fuzz width, the length 
obtained by multiplying the fuzz width and the rendering scale 
factor is not to be smaller than the distance (hr x 2 - yr + 
sp) to the center of the adjacent yarn. 

FIG. 5 shows the manner in which sides corresponding to 
sides that are in parallel with the length direction of the 
original knitting yarn image data 1 are deformed into curved 
lines of the deformed meshes 7 , 8, and 9 as shown in FIG. 1 (b) . 
When the knitting yarn image is deformed into a loop shape in 
the loop simulation, the deformed meshes 7 , 8, and 9 are arranged 
along a locus of the yarn center to create an image. At that 
time, when the fuzz portion of the yarn is large, the portion 
bulges outward significantly at a curved portion of the loop 
so as to be rendered in the f ormof a straight line in conventional 
mesh deformation processes. 

In a mesh deformation process for a yarn in this embodiment , 
a yarn is rendered so as to be smoothly continuous by calculating 
the meshes to be in the form of a curve. For this purpose, 
first, a rectangle P0P1P2P3 of the original meshes 3, 4, and 
5 is deformed into a rectangle Po'Pi^'Ps' relating to the 
deformed meshes 7, 8, and 9. At this time, a rendering image 
is scanned to set a point Q' inside the rectangle P 0 ' Pi' P2' P3' • 
Based on the positional relationship between the rectangle 
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Po' Pi' Pa' Pa' and the point Q' , ratios k x and k y are calculated. 
By calculating the ratios k x and k y , it is possible to calculate 
the position of a point Q inside the rectangle P0P1P2P3, and 
thus a deformed image can be created by copying a pixel of the 
point Q onto the position of the point Q' . 

Next, a distance U between the point Q' and the line 
Po'Px' is calculated. The line P 0 ' Pi' and the point Q' are rotated 
so that a right angle is formed with the line P 0 ' Pi' , and horizontal 
positions x 0 " (= X!") and x q " are found to calculate the distance 
l x = x q " - x 0 " • When li < 0 is satisfied, the point Q' is determined 
not to be inside the rectangle P 0 ' Pi' P2' P 3 ' • 

Furthermore, a distance 1 2 between the point Q' and the 
line P 3 ' P 2 ' is calculated. The line P 3 ' P 2 ' and the point Q' are 
rotated so that a right angle is formed with the line P 3 ' P 2 ' , 
andhorizontalpositionsx 3 " (=x 2 ") and x q " are found to calculate 
the distance 1 2 =x 3 " - x q " . When 1 2 < 0 is satisfied, the point 
Q' is determined not to be inside the rectangle P 0 ' Pi' P2' P 3 ' - 
Since k x : (l-k x ) = li : 1 2 , the horizontal ratio k x can 
be calculated based on Equation (4) below. 



k = 



h (4) 



x fi+/ a 



When the positions of the points P 0 ' Pi' P 2 ' P 3 ' are mutually 
different and an intersecting point is formed by the line P 0 ' Pi' 
and the line P 3 ' P 2 ' as shown in FIG. 5, the position of an 
intersecting point C is calculated to calculate the ratio ky. 
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Next, based on the positional relationship between the rectangle 
P 0 ' Pi' P2' P3' and the intersecting point C, distances si and S2 
between the intersecting point C and points, in the rectangle 
Po' Pi' P2' P3' * that are closer to the intersecting point C, for 
example, the points Po' and P3' are calculated. Using the 
horizontal ratio k x/ s and w are calculated based on Equations 
(5) and (6) below. 

s = Si x (1 - k x ) +s 2 x k x (5) 
w = wi x (1 - k x ) +w 2 x k x (6) 
Based on a distance r between the point Q' and the 
intersecting point C, the vertical ratio ky is calculated based 
on Equation (7) below. 

*v=— (7) 
w 

Depending on the positional relationship between the 
rectangle P 0 ' Pi' P2' P3' and the intersecting point C, k y = (i-k y ) 
may be satisfied. 

FIG. 6 shows a method for calculating k y when an 
intersecting point is not formed by the line P 0 ' Pi' and the line 
P3' P2' / more specifically, when the points P 0 ' and Pi' or the 
points P 3 ' and P 2 ' are in the same position, or when the line 
Po'Pi' and the line P 3 'P 2 ' are in parallel. First, in order to 
calculate the vertical ratio k y , the points Po'Pi'P 2 'P3' are 
rotated so that a right angle is formed with the line Po' Pi' 
(or the line P 3 ' P 2 ' ) , and vertical positions y 0 ", yi", Y2 f ' , and 
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y 3 " are found. Based on the horizontal ratio kx, the vertical 
positions of the points P03' and Pi 2 ' after the rotation are 
expressed by Equations (8) and (9) below. 

Yes" = yo" x (1.0 - k x ) + y 3 " x k x (8) 
yi 2 " = yi" x (l.o - k x ) + y 2 " x k x (9) 
Based on the positional relationship between the point 
Q' and the vertical position y q " after the rotation, the vertical 
ratio ky can be calculated based on Equation (10) below. 
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ky= yg y ° 3 (10) 

FIG. 7 shows a method for realizing a more realistic 
expression as a method for calculating the vertical ratio k y , 
which is in the width direction of the yarn. With consideration 
to the top coordinates of its previous and next meshes, a curve 
approximation is performed between the points Po' and Pi' , or 
the points P 3 ' and P 2 ' . Based on the positional relationship 
between the point Q' and a point on a curve line calculated 
using the ratio k x , the ratio k y is calculated. 

FIG. 8 shows the procedure for simulating an image of 
a knitted fabric in this embodiment. The procedure starts in 
step aO, and in step al, the fuzzy knitting yarn image data 
1 as shown in FIG. 1(a) is stored. The knitting yarn image 
data 1 can be obtained by capturing an image of an actual knitting 
yarn with, for example, a scanner. Furthermore, the image can 
be virtually created by applying a technique of computer graphics . 
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In step a2, a knitted fabric is designed. It is possible to 
use, for example, a design apparatus for a flat knitting machine . 
With such a design apparatus, knitting data specifying the type 
of each stitch is created. In step a3, the shapes of the deformed 
meshes 7, 8, and 9 are set in accordance with the loop shape 

at each stitch. 

In step a4, for example, the user selects a knitting yarn 
from among those stored as the knitting yarn image data 1 . Next , 
in step a5, a stitch image is created by mesh deformation using 
the selected knitting yarn, as shown in FIG. 1(b). In step 
a6, a process is performed on a portion in which knitting loops 
overlap each other in the stitch image . In step a7 , the knitted 
fabric is displayed. 

In step a8, the designer confirms the displayed image 
of the knitted fabric, and determines whether or not the knitting 
yarns is further changed. When it is determined that the 
knitting yarn is changed, the procedure returns to step a4, 
and other yarn image data 1 is selected . Even when the knitting 
yarn is not changed in step a8, it is determined whether or 
not the knitted fabric design itself is changed, in step a9. 
When there is a change, the procedure returns to step a2, and 
a predetermined editing operation and other operations are 
performed to design the knitted fabric . When there is no change 
in step a9, the procedure ends in step alO. 

FIG. 9 shows a schematic functional configuration of a 
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knit design apparatus 30 for performing the knit design method 
in FIG . 1 . The knit design apparatus 30 designs a knitted fabric 
by, for example, arranging a texture pattern on a knitted fabric 
to be designed, with stitch symbols or others expressing codes 
for knitting a knitted fabric, and displays the result on image 
display means 31. The knit design apparatus 30 includes 
knitting yarn image storage means 32, mesh division means 33, 
data input means 34, knitting yarn image deformation means 35, 
knitted fabric simulation means 36, knitted fabric design input 
means 37, knitted fabric editing means 38, and knitting data 
process means 39. 

The knitting yarn image storage means 32 pre-stores a 
plurality of types of the knitting yarn image data 1- The 
background is included in the knitting yarn image data 1 in 
FIG. 1(a), but it is possible to eliminate the background by, 
for example, chroma-key. 

The mesh division means 33 divides the knitting yarn image 
data 1 into the meshes 3 and 4 of the fuzz regions and the mesh 
5 of the yarn main frame region as shown in FIG. 1(a). 

Into the data input means 34, knitting data of a knitted 
fabric that is to be simulated is input. The knitting data 
of a knitted fabric is the same as conventional knitting data 
and specifies a knitting method for each stitch constituting 
the knitted fabric. 

Based on the data for knitting a knitted fabric that has 
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been input into the data input means 34, the knitting yarn image 
deformation means 35 deforms each of the meshes 3, 4, and 5 
in accordance with the shape of a stitch loop constituting the 
knitted fabric, deforms the knitting yarn image data 1 in 
accordance with the deformed state of the meshes 3, 4, and 5, 
and reduces image data of the fuzz regions. 

The knitted fabric simulation means 36 simulates the 
knitted fabric by deforming the knitting yarn image data 1, 
with respect to each of the meshes 3, 4, and 5 that have been 
divided by the mesh division means 33, into the shape of each 
of the meshes 7, 8, and 9 that have been set by the knitting 
yarn image deformation means 35. The result of the simulation 
is displayed as an image on the image display means 31. When 
forming a texture pattern by changing the basic stitch shape 
of a stitch in the knitted fabric, an influence received by 
stitches knitted around the stitch is also reflected on the 
shapes of the deformed meshes 7, 8, and 9 as described above, 
and thus it is possible to create a knitted fabric image that 
is close to the real. 

The knitted fabric design input means 37 is provided for 
an input operation for, for example, arranging an image of a 
stitch loop that is prepared in advance to design the knitted 
fabric . The knitted fabric editing means 38 performs an editing 
process in which, for example, a texture pattern is arranged 
on a basic knitted fabric, and the shape is changed or the position 



18 



is changed. By the knitting data process means 39, the data 
for knitting a knitted fabric corresponding to the knitted fabric 
image created by the knitted fabric editing means 38 is created 
and is input into the data input means 34 . With this procedure, 
it is possible to perform a simulation based on the design result 
of the knitted fabric. 

It should be noted that stitch image data used for designing 
the knitted fabric can be created by a method for simulating 
a knitted fabric 6. With this procedure, it is possible to 
perform, without a sense of incongruity, the entire operations 
in which a knitting yarn is selected, a set of the shapes of 
stitch loops for designing with the selected knitting yarn are 
prepared, and the design result is simulated as the knitted 
fabric 6. 

The knit design apparatus 30 in FIG. 9 can be also realized 
by letting a general purpose computer apparatus read a program. 
The program can be stored in a ROM in the computer apparatus, 
or can be stored on, for example, a hard disk and then executed 
by being read out on the main memory. The program stored on, 
for example, a hard disk can be stored on a storage medium such 
as a CD (compact disk) -ROM, a DVD (digital versatile disc) 
-ROM, an FD (flexible disk), and an MD (mini disc), or can be 
downloaded via an information communication network such as 
the Internet and made usable in the computer apparatus. 

FIG. 10(a) shows an example of an image of a fuzzy yarn, 
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and FIG. 10 (b) shows an example of a stitch loop rendered using 
the image data of the yarn. In this knitting yarn, there is 
a granular texture 41 in the vicinity of the root of fuzz 40, 
and when the fuzz 40 is emphasized too significantly, the 
granular texture 41 is hard to see. 

FIG. 11 (a) shows knitting yarn image data similar to that 
in FIG. 10(a), and FIG. 11(b) shows image data of a knitting 
yarn having another type of fuzz 42. The fuzz 42 is in a wide 
range, but the density is low. 

FIG. 12 shows knitted fabric image rendered based on the 
knitting yarn image data shown in FIGS. 11 (a) and 11 (b) . FIGS. 
12 (a) and 12(b) show a result of a process in which sides of 
meshes are kept to be straight' lines, and, for example, fuzz 
regions are not contracted. 

FIG. 13 shows a result of image processing in which the 
amount of fuzz is adjusted by contracting the fuzz regions, 
based on the knitting yarn image data shown in FIGS. 11(a) and 
11 (b) . As seen in the image in FIG. 13 (a) , the granular texture 
41 is displayed more clearly than in FIG. 12(a). 

FIG. 14 shows a result of image processing in which the 
amount of fuzz is adjusted by contracting the fuzz regions and 
sides of meshes are deformed into curve lines, based on the 
knitting yarn image data shown in FIGS. 11(a) and 11(b) . As 
seen in the image shown in FIG. 14(b), the fuzz 42 is rendered 
naturally . 
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By comparing FIGS. 12 and 13, an effect obtained by 
contracting fuzz regions is clear. An image of a knitting yarn 
extending in the form of a line is divided into rectangular 
meshes by dividing into fuzz regions on both sides and a yarn 
main frame region therebetween with respect to the width 
direction of the knitting yarn. When the meshes are deformed 
in accordance with the shape of a stitch loop and image data 
of the knitting yarn is deformed in accordance with the meshes, 
image data of the fuzz regions is reduced in FIG. 13, and thus 
fuzz that is likely to be flattened by an adjacent knitting 
yarn can be adequately displayed. Since fuzz that is likely 
to be flattened by an adjacent knitting yarn can be adequately 
displayed, it is possible to display an image having the feeling 
close to that of a knitted fabric actually knitted with a fuzzy 
knitting yarn. In particular , it is possible to clearly render , 
for example, the granular texture 41 at the root of fuzz. 

By comparing FIGS. 12 and 14, an effect obtained by 
deforming sides of meshes into curve lines is clear. Even when 
meshes bulge significantly while an image of a knitting yarn 
having a wide fuzz region is deformed in accordance with a stitch 
loop, the sides of the meshes are curved lines in FIG. 14, and 
thus a natural image can be displayed by connecting the meshes 
smoothly. 

Furthermore, when deforming each of the meshes in 
accordance with the shape of the stitch loop, the mesh of the 
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fuzz region is contracted, and thus the data amount of the image 
is reduced. The fuzz region is flattened more when the density 
of fuzz on the adjacent knitting yarn is high, and thus the 
contraction ratio is made greater, so that the ratio of the 
fuzz region flattened is made greater. The ratio of the fuzz 
region flattened is made smaller when the density of fuzz on 
the adjacent knitting yarn is small. In this manner, it is 
possible to display a natural image. 

It is also possible to contract a mesh of a fuzz region 
by folding the mesh at the time of deformation. When the mesh 
of the fuzz region is folded to be contracted, image data of 
the fuzz region is displayed in a folded state, so that it is 
possible to express an aspect in which the fuzz is flattened 
by, for example, an adjacent knitting yarn. 

It is also possible to reduce the image data of the fuzz' 
region by increasing the transparency of the image data of the 
fuzz region . By increasing the transparency of the fuzz region, 
even when the fuzz region is on the adjacent knitting yarn, 
the behind knitting yarn is also displayed, and thus it is 
possible to display an aspect of the fuzz region that is likely 
to be flattened. 

Furthermore, it is possible to reduce the image data of 
the fuzz region by thinning the image data of the fuzz region. 
By thinning the image data of the fuzz region, the portions 
of the fuzz region displayed are reduced, and thus it is possible 
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to display an aspect of the fuzz region that is likely to be 
flattened . 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof- The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended claims 
rather than by the foregoing description and all changes which 
come within the meaning and the range of equivalency of the 
claims are therefore intended to be embraced therein. 

Industrial Applicability 

As mentioned above, according to the invention, an image 
of a knitting yarn extending in the form of a line is divided 
into rectangular meshes by dividing into fuzz regions on both 
sides and a yarn main frame region therebetween with respect 
to the width direction of the knitting yarn. When the meshes 
are deformed in accordance with the shape of a stitch loop and 
image data of the knitting yarn is deformed in accordance with 
the meshes, image data of the fuzz regions is reduced, and 
therefore fuzz that is likely to be flattened by an adjacent 
knitting yarn can be adequately displayed. Since fuzz that 
is likely to be flattened by an adjacent knitting yarn can be 
adequately displayed, it is possible to display an image having 
the feeling close to that of a knitted fabric actually knitted 
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with a fuzzy knitting yarn. 

Furthermore, according to the invention, the meshes of 
the fuzz regions are contracted. Thus, it is possible to 
adequately express an aspect in which the fuzz is flattened 
by an adjacent knitting yarn. 

Furthermore, according to the invention, when deforming 
the meshes in accordance with the stitch loop, the contraction 
can be easily performed by making the ratio of the meshes of 
the fuzz regions small. 

Furthermore, according to the invention, the fuzz region 
is flattened more when the density of fuzz on the adjacent 
knitting yarn is high, and thus the contraction ratio is made 
greater, so that the ratio of the fuzz region flattened is made 
greater. The ratio of the fuzz region flattened is made smaller 
when the density of the fuzz is small. In this manner, it is 
possible to display a natural image. 

Furthermore, according to the invention, even when meshes 
bulge significantly while an image of a knitting yarn having 
a wide fuzz region is deformed in accordance with a stitch loop, 
the sides of the meshes are curved lines, and thus a natural 
image can be displayed by connecting the meshes smoothly. 

Furthermore, according to the invention, by a computer 
simulation, it is possible to adequately display the feeling 
of a knitted fabric knitted using a fuzzy knitting yarn. 

Furthermore, according to the invention, an image of a 
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knitting yarn extending in the form of a line stored by the 
image storage means is divided into rectangular meshes by 
dividing into fuzz regions on both sides and a yarn main frame 
region therebetween with respect to the width direction of the 
knitting yarn by the mesh division means. When the knitting 
yarn image deformation means deforms the meshes in accordance 
with the shape of the stitch loop and deforms the image data 
of the knitting yarn in accordance with the meshes, the image 
data of the fuzz regions is reduced, and thus fuzz that is likely 
to be flattened by an adjacent knitting yarn can be adequately 
displayed. Since fuzz that is likely to be flattened can be 
adequately displayed, it is possible to display an image having 
the feeling close to that of a knitted fabric actually knitted 
with a fuzzy knitting yarn. 
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